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DYNATECH

Section 1 o

INTRODUCTION
15367

__ This report describes the measurements performed on a sample of a porous
’ E 3 ceramic described as ""Glassrock'. These tesis were conducted by Dynatech Corpora-

tion for the NASA, Langley Research Center wnder Contract No. NAS 1-4758.

g The thermal conductivity was measured from rocom temperature to 700°F by /
means of a comparative test. Over the same temperature runge the variation of /
specific heat with temperature was measured. /

A determination of the variation of density with temperature was performed /
using techniques which rely upon measuring the cubical expansion of the material. //

The following sections of this report present the methods of testing and the ]

procedures followed in this test program. m

Lo

R
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Section 2

THERMAL CONDUCTIVITY MEASUREMENTS

2.1 Test Procedure

The thermal conductivity was determined by the Comparative Method in which
the thermal conductivity of the material is determined by comparing it to that of a
known standard, referred 10 as a heat meter. This is accomplished by sandwich-
ing the test sample between two identical heat meters and passing a unidirectional
heat flow through the stack. Data was taken for eight points between room tempera-
ture and 700°¥ . The temperaiure points were run in the sequence starting from
room temperature.

The test stack configuration is shown on figure three. The sample was pro-
vided with thermocouple grooves machined into the faces and was instrumented
with chromel Alumel thermocouples. The heat meters were instrumented in a
similar mamner also with chromel alumel thermocouples.

The sample was sandwiched between two identical Pyroceram #9606 heat
meters and a heat flux was directed through the stack by a heater placed at the top
of the assembly. The temperature level of the stack was maintained by an auxiliary
heater placed between the bottom heat meter and a cooled heat sink, Water was
used as the coolant in the sink for all points except for the room temperature point
where liquid nitrogen was used. Insulating paper was placed between the auxiliary
heater and the heat sink in order to allow easy control of the auxiliary heater
temperature. Aluminum plates, 1/8 inch thick, were inserted between the heater
and the heat meters so as to provide an evenly distributed heat flux across the
entire contact surface. To preclude side heat losses, the stack was surrounded by
a cylindrical guard heater, the temperature of which was maintained close to the
average sample temperature, and the stack assembly was covered with a low con-
ductivity powdered insulation,

Figure 1 shows the conductivity instrument used for this test. Figure 2 shows
a typical test stack being assembled; the outer guard heater appears to the left of
the stack.

To minimize thermal contact resistances, all surfaces were coated with a
thin layer of silicone grease. A load of approximately 5 pounds was applied to the
top of the test stack to further ensure good thermal contact.

The tests were performed by heating the test stack to the required temperature
level and allowing the stack to reach an equilibrium or steady state condition. Each
test was concluded when it was established that this condition had been maintained
for a minimum period of one hour,

Progress through Research.
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; The measurements were made under & bell jar which was evacuated by
2 means of a mechanical vacuum pump. For zll tests the vacuum was mamtamed
. in the range of 30 to 100 microns.

of the variation of thermal conductivity with absolute pressure. Three measure-

Ej A separate determination was made at one temperature (approximately 125°F.)
i 4
ments were taken.

¥ )
?ﬁ 2.2 Data Reduction

By assuming a unidirectional heat {low under steady state conditions, the heat
flux through both heat meters aud the sample is equal, i.e.

N
g . Q! _ 9
THM AJ sample A1 gaM
or
1 e
kAT Y - kaT\ - kAT
X | 1op HM ax fSample - 8% Ipottom HM
where
AX = thickness
AT = temperature difference
k = thermal conductivity

The thermal conductivity of the sample is calculated by comparing it to the
top heat meter, then to the bottom heat meter and finally by averaging these two
values to arrive at a final value of the sample conductivity.

) AT,
o R s -
SE THM o Ay AT
k} - . AXe . _Sleam
s{p BHM AX o AT
k, = Ksq T ksp
5 2
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2.5 Sample Calcuiation

A sample calculation is now presented to illustrate the data reduction pro-

v cedure.

Test Data
v Sample: Porous ceramic ""Glassrock"
Temperature Point: 75°F

Ea Thermocouples: Chromel Alumel

& Temperature Diiierences - AT

' - Bottom heat meter: 5.7°T

E i Sampie: 17.5

e Top hLeat meter: 4.8

D1

.

Thickness (A¥) - distancc beiween thermocouples

Bottom aeat meter: 0.-176 inch
Sample: 0.233
Top licat meter: 0. 476

Conductivity ¢f heal meters at mean temperature of meter

Heat meter Tocan B (Btu/ft-hr °F)
BHN 61 °r 2 .33
THX Y2 2.28

Heat meter material: Pyroceram #5606

AT, 3
kg = Kygy oo A T“ ° &\;:
- s HM
5.7 .258
kg =. 2,38 X 5= X T T
BHM 17.5 . 476
= 0.38 Btw/hr-it- F
e T e =
THM : :
= 0,313 Btu/hr-ft-°
k} _ 0.382+ . 313
Avg
= ,346
at Tmean = T9°F

Progress through Research
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2.4 Test Results
The thermal conductivity is listed in the following table. In addition the
v o)

é
resulis are presented in a graphical form on figure 4 for the variaticn of k
wiih temperature.

‘ *-“ﬁ““w-‘“'g‘"'M*"' I
boad Lad

Mean Sample e
- Temperature (Btu/hr-it-°F)
4 79 °F 0.346
135 0.360
; 218 0,402
1 512 0. 437
e 402 0,536
i 300 0,361
> 553 0.620
3,_; 706 0. 856
1! Upon completion of this phiuse of the program the variation of thermal con~
o—d ductivity with absolute pressure was mcusured {or onc temperature point,
'g 1
1‘-‘11 Temperature (Mean sample) : ' 130°F
}-J Pressure (Torr) k: Btu/hr-ft-°F
i 760 mm 0.505
=y 380 0.495
. J 190 0. 495
f: -
Y -
1 j 2.5 Discussion of Results
1

With the exception of the 400 °T testpoint all of the data lie on a smooth curve.
This poiat is approximately 9 1/2 7 high. The usuul zccuracy for this type of
test is between + 5 and + 10%. It is felt tl.at these results are within the 10%
allowance.

The tabulated diiference of thermal conductivity with absolute pressure for
a constant temperature of 130 ° F shows little change. It seems also that within the
same experimental error the conductivity is independent of vacuum.

Progress through Research



Section 3

SPECIFIC HEAT MEASUREMENTS

3.1 Test Procedure

The specific heat was determined as a function of temperature over tie range
~-75°F to + 700 °F in the Dynatech Model QTA-N7 guantitative adiabatic calori-
meter (Figure 3). In this instrument the speciiic heat of the sample is determined
by measuring the temperature respor:sé of ihe sampie to a known heat input. The
sample is inseried into a sample heater assemply widich is instrumented with
thermocouples for teraperature measurement and suspended inside an adiabatic
jacket, (See Figure ©). The adiabatic _.aclxe is conslantly mmvtamed at the same
temperalure as ithe sample asscmbiy by means of a jacket or guard heater coupled
to an automatic control systera. Thus, therc is very little x.ea: transfer between
the sample assembly and its envirouzaent. 7o reduce further the heat {ransfer
between the same and its environn nent, a mechznical pump vacuum (1 to 100 microns)
is provided between the sample asscinbly and the adizhatic jacket to eliminate con-
vection and all surfaces are hizhly rolished o reduce radiation.

The mode of operation used for the tesis described here consisted of operat-
ing the sample heater at a constant power input throughout the {est and recording -
the sample temperature versus time response to this heat input over the temperature
range of interest. .

A continuous record of sample specific heat versus temperature is obtained .
by operating the instrument wiin a continuous, constant power input to the sample
assembly and recording the sample temperature as a function of time throughout
the temperature range of interest. The temperature response (and hence the
M C product) of the sample container is first determined by operating the instru=-
ment over the full temperature range without a sample. A sample of unknown
specific heat is then inserted intothe sample container and the unit is again operated
over the desired temperature range. The specific heat of the sample is then cal~
culated from the equation: ;

dT

‘q = (M Cp) container (M CP) sample t . »
where e
q = heat input to sample container | ".‘
M Cp = mass-specific heat product
T = temperature
t = t{ime
10

Progress through Reseerch
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The sample container M Cp is derermined irom & coniainer calibration run and
dT/dt is det:rmined by mcéasuring ihe slope of the recorded tem perature-time -
trace at a nuaaber of discrete points {temperatures).

3.2 Data Reduction

The specific heat apparatus was operated in a manner described in the
previous section. The primary data cbiained from the test run was:

1. A coatinuous recording of sample ~nermo\,ou sie emi
versus time over the temp crature range ol the test,

2. TReudings of sample heater power at 10 or 15 minute
p.ervals thouchoul (alihouzh the sample heater power
was very neuriy consiant throughout each test, the
poriodic reading 75 perniil accounting 1or slignt varia-
tions in power observed).

Data reduction was made in accor ¢ with the following equation as indicated in
the previous scction.

.. 5.4132  _ . aT
¢ Btu/min = ET x GV [(‘\‘ Cp)container ¥ M Cp) sample{ dt
E = sample heater voltage - volis
I = sample heater current - aimnps
Solving for the sample speciiic heatl:
C _ [_EIxs /00 = (MMCh) container M -
Psample L dT/dt (° / in, P g * sample
M = Ib; cp = Btu/lb-°F; dT/At = °F/min.

The timewise temperature gradient d T/dt is determined from the recorded trace of
thermocouple emf versus time as follows:

dT _ d (emi) . d (emf)
dt dt : aT '

13 -
Progress through Researchs
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The first quantiny

- R
the recorded emf - tme g cond term d {(emi/dT
a function of temperuwure from wie 2BS thermuocouple exd tables™.

Although a continuous recor iy of sompnle temperature versus dme is obi tained
from this method of testing (Ron o peeviding u.z.ul ’”or continucus curve ol Cp
versus temperature), datz reduciion (_calcwam 1 i Cp) is cccomplis f}bd at a
limited number of discrete points, only encugh to define a smooth continuous curve
for C;, versus wemperature.

R P T
ROLER VSRR URY L

Since under this prozran only 0n S§ ¢n was tested the sample calculation
shown presents the compleic rouuced dawa tor the program.

3.4 Test Results

g ‘ ISR N

he following wole is cuiricied Jrent the sumple calculation and summarizes
the resulis. Va‘;ucs are given rom tho specilic hear of the sampie versus the sample
temperature. These ave lhae viiues shoun in columns one and eight of ihe sample
calculation.

=

The results are {urther pmunhw in the form of a graph. From this the trend
with increasing tempu ature cur e reatliy ohserved

* Reference Table for Thermocouples. Circular 561, National Bureau of Standards.

14
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SAMPLE CALCUTIATION AND DATA REDUCTION
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i t i 1 ! : P ! ‘é 1 @)
H 4 : - i t
TV °r ; 1 : ; i
2 PP ~ Vs 21> : O e ‘ < 3 £ =T S0 ‘ 30 .! A
.0 120.5 L0632 4 02376 0 ZUEDo L1982 L0383 1 .038 ¢ .196
v food i . ‘ 13 “ - e = ~n = o i ¢
o 162 L0622 L02470 ¢ 2, 5w i5:5 L0356 .0388 ; .201
- . s g - o - P e L i | ? :
P 201 i L0EIS ; .02570 ¢ 2,510 0 L1835 0Bl .0393 |+ .210
| 5 2389.0 L0600 | LG2000 Y 2,00 0 L LO5D L0329 399 1 .222
[ ore = =t SEaa L6 L > R SeT: ! ;o 5
G 276.5 L0857 ¢ L02738 4 2,400, L1335 ¢ .0639  .040%F © ,228
R 3 ! et eI FYv) ! Dy B oy h AR VAl ¢ i o
7 513 L L0058 0 02812 0 20340 0 L L5050 L06Z: . . 04090 L2387
S 348 . L0663 ! L0287¢ 1 20820 L1330 L0861 1 L0412 L 241
9 382 | L0670 1 .02838 2,230 0 L1380 9673 L LGALS 1 L 247
o RSV aYe e > Yol ' - o eEe] ! )¢
10 416 P.0678 1 L02985 20200 L3990 LOBEQ . 0423 .249
11 449 Po.0c8: ¢ L 0B0Es po2.240 ¢ L1E3D . 0685 § L0429 .248
12 481.5 .0633 % . 03100 2,220 ¢+ 1533 L0691 i .0423 1 .250
1S 513.5 ! L0692 ' .031i4 ) 2.200 . .15380 L0698 ¢ L0435 | .2b2
P T = H ] I3 { —y = - ; 4
D14 545 L ,0700 ¢ .03190 : 2.180 | .1535 . .0701 ! L0438 .254
15 o76 i L0705 1 .03235 b g.150 | .1535 & .0704 L0442 .255 !
16 607 L ,0705 } .03279 | 2.150 ‘ L1533 1 .0713 ¢ L0445 1 .20
17 637 i .0710 ! .03312 | 2.145 ! L1335 | .0715 | .0448 .258
18 667 L0712 § .03351 | 2.125 |.1535 | .0724 L0450 . 264
i | ! {

Test Run of: April 19, 1965
Sample Weight: | 46.948 grams

(no weight loss during test)
Thermocouples: Copper constantan

16 B
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DENSITY AND POROIITY MZASUREMENTS

1 Surnnnary

I}
3 - e L‘ - e T LN 3 1O D Ty £
] Tre frue densiiv of the tnaterinl ul 70 °F 15 123.3 b/, The por osity of the
L TS - el e e RERP R - . 3 ey - . e
miatesind s L@ on oo total apnarestvoiuiae wosis. The cosfficiens of cuvical

ey o

Qi so small tiarihe therrasl expansi 1
CT ih rowere vange 75° o Sultl dn @ dlabdneier

vl u;-u WVETLWTC Jdis

-

[
cannol e GIstingulsncl OVeE
{itlec with rminerel Git.

D e muaerinly isrern +T Yool temneraure by

sier WWUD O \;V-AAIIJ‘.'\,u 39

measu rn;g the (4-5?)“&\,111(:‘.‘.'. oo o owsample of material Inoa Ximb le No. 15123,
50 mil nycnomeier. Tne ollow

‘

SO Were obiaindd

™ -y R T TS DR

Temnoerowre: 25°C

E - S ~ o O g
JOVIVINY VOLulne 6! S SR IV Py . uu CC

Weight of samle: 25,125 gran

‘i} ’\1)7','#\ - £ uq* S TR O TSl
Clume O walcl W .iil Py o~
: .- A
meiter With sian J- PN Co Bl LTL.00 CC
B
™ Tevr B s e A OD O 31 70
Densiwy: 2,216 g/ce = 188.3 1b/it

of thematerizl wus deievzainea by measuring thc proportion of

Ti.e porosity
water absorbed by o saimdic it .orcm;;_‘; to the procbuam of Motiicu and Fisher
(Ana ,ucwl C"LI-LLB“ ¥y 34 (6, 1= (".‘.I:L‘;', 16362)).  Iu tinis technicuc o conmuminated
gamole of the material is placed In o flask ond water is addsd slowly 1rom &

Tie erd-soint is determined when the

oY

obu’" tte wrnle stirring iae sample.
ace of the particles remams wet and a; solomerstion of the particles persists

m
su
in pl‘fe of continued stirring. The porosity is then calculated as:

nic
$ W

sorosity = (volume of water absorbed)
: / (volume water zbsorbed) + (frue solid volume of sumple

19 ,
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/ The data obiained oy g tochknicue Wers &s Soilews:
3 .

Veight of Material, 5 2.

Volume Water absorded, €< 5.230 0.275
1

i 4 Coefficiens oF el

oL nLatel naaTmEro. AN 1.";".1\;,.‘3.1 oil
St mrm Cm e ) '\J- IR
3T DA“\A-«“,. <o L Lidss

4Ty Tea 4
EoRS _‘C

'.;'\.';CA, LS Sl Glimiaa.CU L

S by Beldiedanht {d. Lescarch

1. A e e ey o PO : o N e oo R «,, 2
The GIIAIUMOTEr Was Lolle oo CUniLal LY LU o avZs en filled to the
;
[o AP

O

YA Ol ua“\ with o welo.ed enoui k..' Ler, Lo soale wos louta DY MU wu‘mﬂ
The dil womut

me registered on

the range é:i‘ 10 300 °T.

Zn anot‘m rtest a

rums ol oil wer

CDCALNDS WG conients '"f the dilatome

: c of teraperaturcs up w

the volurmes of water contained oo various levels
wus i:llc,ci to an arird :;' level with sninorar oil, daQ
‘he stem was ouserved as i WLl Seratre wWis v
The volume was found to c‘”*n s Lincarly LoTEY
cylindrical S;uuule Gl ramlerisl woliamy
pleced in the ailalomeies. Prior Wi
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